Glucose-6-Phosphate Dehydrogenase (G6PD) deficiency is the most common enzyme deficiency of human erythrocyte affecting more than 400 million people worldwide. In India, G6PD deficiency was first reported in 1963 and since then various investigations have been conducted across country. The objective of this work was to study the prevalence of G6PD deficiency in different ethnic, caste and linguistic groups of Indian population. A systematic search of published literature was undertaken and the wide variability of G6PD deficiency has been observed ranging from 0% -30.7% among the different caste, ethnic, and linguistic groups of India. It was observed that the incidence of G6PD deficiency was found to be considerably higher among the tribes (9.86%) as compared to other ethnic groups (7.34%) and significantly higher in males as compared to females.
Introduction
G6PD deficiency is the X-chromosome linked erythrocyte enzyme deficiency.
G6PD deficiency causes a hematologic disorder, namely haemolytic anaemia, and it was as a result of investigation of haemolytic anaemia that brought this common enzymatic deficiency to light. In 1973, it was estimated that about 300 million people worldwide were G6PD deficient, but now these numbers have been increased [1] . G6PD deficiency being an X-linked condition, males may be either G6PD normal or G6PD deficient hemizygotes, whereas females can be
Detection of G6PD deficiency
Glucose-6-phosphate dehydrogenase(G6PD; EC 1.1.1.49) enzyme plays a vital role in the generation of NADPH and ribose-5-phosphate in the pentose phosphate pathway [1] . NADPH functions as an electron donor and provides the reducing energy required for regeneration of reduced Glutathione which ultimately protects the cells against oxidative damage. Though G6PD deficiency affects every cell in the body, its primary effects are hematological because in the erythrocyte this pathway is the only source of NADPH [2] . There are various methods available for detection of G6PD deficiency, but quantitative measurement of G6PD enzyme by measuring the reduction of NADP to NADPH using ultraviolet spectrophotometer is the basic diagnostic approach used commonly for detection of G6PD deficiency. Other than that, in a dye reduction test, the reduction of NADPH was linked to the reduction of the visible dye brilliant cresyl blue [1] . Various other tests such as methylene blue, MTT tetra sodium, dichloro-indophenol or methemoglobin were also developed [3] [4] . In recent times, fluorescent spot test is more popular for rapid testing of deficiency in which reduction of NADPH is observed directly by virtue of its fluorescence, instead of linking the reduced pyridine nucleotide to a dye [5] . These screening procedures are quite robust in the detection of the fully developed defect in males, but they fall short in the determination of female heterozygotes and in patients with relatively mild forms of G6PD deficiency.
Occurrence of G6PD Deficiency
G6PD deficiency affects around 10% of the total population of world. The highest prevalence of G6PD deficiency mainly regards in tropical Africa, the Middle East, tropical and subtropical Asia, Papua New Guinea and various Mediterranean regions [1] [6] [7] . India, a south Asian country having second largest population in the world, varying in various castes, ethnic and linguistic groups. Also geographically and environmentally India has a great variation, which is also responsible for difference among population. In India investigations on G6PD deficiency have been started after it was firstly reported by Baxi et al. in 1961 [8] . Since then, various studies regarding prevalence of G6PD deficiency among various population groups have been conducted across India. India being a malarial endemic country, the treatment course requires primaquine drugs which is generally conducted without routine G6PD screening. This makes patients vulnerable to prescription of potentially haemolytic drugs, especially putting G6PD deficient individuals at risk of serious complications. Therefore, in current report existing literature regarding occurrence of G6PD deficiency have been reviewed to estimate the prevalence of G6PD deficiency across India and highlighting the areas where more research is needed. 
Methods
A systematic literature search from 1961 to 2016, through PubMed/MEDLINE, Google scholar, Wiley online library databases was performed in as follows. Relevant publications were identified through free text search using keywords such as Glucose-6-Phosphate Dehydrogenase (G6PD) deficiency, India, Prevalence without any restriction on the year and language of publication. Various combinations of these keywords such as "G6PD in India", "Prevalence of G6PD in India", "Glucose-6-Phosphate Dehydrogenase (G6PD) deficiency", "Prevalence of Glucose-6-Phosphate Dehydrogenase (G6PD) deficiency", "Prevalence of Glucose-6-Phosphate Dehydrogenase (G6PD) deficiency in Indian population", "G6PD deficiency incidence and India", "Incidence of G6PD deficiency in India", "Incidence of Glucose-6-Phosphate Dehydrogenase deficiency in India", "Incidence of G6PD deficiency in Indian population", "Distribution of G6PD deficiency in India" etc. were used. Although there was no bar on language, English was more preferred. Additionally articles were also obtained through citation tracking of reviews, articles and original papers along with direct receipt of full text articles from some authors or co-authors. The duplicated articles were eliminated from the above mentioned search. Titles and abstracts of each identified article was then checked for eligibility based on the following criteria: Inclusion criteria: -Primary data, population based epidemiological study -Hospital based study Exclusion criteria: -Age group of subjects: less than 15 years -Studies related to only clinical manifestation of G6PD deficiency The epidemiological studies of G6PD deficiency in Indian population were included for this systematic review. Hospital based prevalence studies were also selected. Although, studies carried out amongst neonates, children and young adults (less than 15 years of age) were excluded. Studies based on clinical manifestations of G6PD deficiency were also excluded as they mainly focused on clinical aspects and hardly provided information regarding the incidence of G6PD deficiency. Review articles regarding prevalence or clinical manifestations of G6PD deficiency were also excluded.
Finally, the full text of eligible articles and reports were evaluated to obtain detailed information regarding the prevalence of G6PD deficiency in various ethnically and regionally diverse population of India. The data was evaluated and the systematic review was conducted according to PRISMA guidelines. and removal of duplicates. These articles were manually checked by titles and abstracts and 81 articles were found to be irrelevant to the inclusion criteria. Of remaining 53 articles, 3 articles were excluded-1 for incomplete information, 1
Results
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for lack of publishing in peer reviewed journal, 1 for duplication of data. Finally 50 original articles were included for this systematic review.
Prevalence of G6PD Deficiency in India
In the current review, the distribution of G6PD deficiency in the various population groups from total 20 states and 3 union territories of India have been summarized below which have been categorized into Northern India, Southern India, Western India, Eastern India, Central India, North-eastern India and Island regions. These studies have been carried out in total 49,929 subjects among which 22,431 subjects belong from urban population and 27,498 from tribal population. From compilation of these studies, it has been observed that the prevalence of G6PD deficiency highly varies from 0 to 30.7% among the different caste, ethnic, and linguistic groups of India (Table 1) [8]- [59] .
Northern India
Northern [59] Chandigarh and Delhi. Hence, the prevalence of G6PD deficiency in these regions have been reported only from urban population which ranges between 0 to 13% [9] - [18] . However prevalence of G6PD deficiency in Danguria Tharu tribe from Uttar Pradesh have been reported up to 23.21%. The same study reported 40.63% prevalence in males but further investigation is required due to small population size [19] . Remarkably a study, conducted in south Indian Brahmins settled in Delhi revealed similarity of frequency of G6PD deficiency among other south Indian caste groups, and also with the migrated population [13] .
Southern India
Southern India consists of states of Andhra Pradesh, Karnataka, Kerala and Tamilnadu. In Southern India, investigations regarding G6PD deficiency have been carried out more in tribal population than the urban populations. In urban population, while a study from Karnataka reported absence of G6PD deficiency in mixed population, the frequency of G6PD deficiency have been reported upto 7% among Dhobis of Andhra Pradesh [20] [21] . Investigations in various tribes have reported frequency of G6PD deficiency ranging from 0% to 12% in Andhra Pradesh, upto 6% in Kerala and about 5% to 18% in Tamilnadu [22] - [27] .
Western India
It is notable that the investigations regarding occurrence of G6PD deficiency have been reported extensively from the Western India comprising of states of Gujarat, Rajasthan, Maharashtra and union territory of Dadra & Nagar Haveli.
The occurrence of G6PD deficiency was firstly reported by Baxi et al.
in 1961 in
Bombay suggesting its wide distribution in the country [8] . As it was the very first investigation of G6PD deficiency in Maharashtra let alone in India, it played a key role in starting the investigation on G6PD deficiency in India. In western India, the investigations of this deficiency have been conducted amongst several tribal as well urban populations comprising of Parsees, Cutchee Bhanushalis, Marathas, Dhangars, Bhils, Pawars, Muslims, Hindus, Jains, Christians, Brah- Although various investigations have reported occurrence of G6PD deficiency frequenting from 0% to 18% in general, frequency of G6PD deficiency have been reported up to 27.9% in Vataliya Prajapati community from Gujarat which is the second highest in country [36] . Also in another study conducted on mixed population, the prevalence of G6PD deficiency was found as high as 26.92% among
Harijan population from Gujarat, but further study is required due to less stratified sampling [37] . Even though some reports show high prevalence of G6PD deficiency in certain communities, it is notable that the prevalence of G6PD deficiency in overall population of Gujarat are low with the drastic variation in the prevalence amongst the tribal and urban population.
Eastern India
Eastern 
North-Eastern India
The North- 
Islands of India
Reports regarding G6PD deficiency from Andaman and Nicobar islands are 
Discussion
Globally more than 400 million people are suspected to be G6PD deficient. The overall G6PD allele frequency is believed to be around 8% and the high population density makes Asia the center of weight of G6PD deficiency-burdened pop- In this comprehensive study, the wide variability of G6PD deficiency has been observed ranging from 0% -30.7% among the different caste, ethnic, and linguistic groups of India. The area wise distribution revealed frequency of G6PD deficiency ranging between 0% -30.70% in Eastern India to 0% -27.9% in Western India. The prevalence of G6PD deficiency was found ranging from 0% -23.21% in Northern India to 0% -18% in Southern India. Whereas it was found ranging between 1.86% -15.71% in North-eastern India and 0% -19.23% in Central India, the range in the island regions of India is reported to be even lower.
It also revealed in this review, that the incidence of deficiency was found to be considerably higher among the tribes (9.86%) as compared to other ethnic groups (7.34%) and significantly higher in males as compared to females. The investigations regarding distribution of G6PD deficiency have been reported extensively from the western parts of India, whereas reports from North-eastern 
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